
Tail Gas Thermal Oxidizer Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Modeling Worst-Case 1 hr Emissions Parameters

NOx (g/sec) 0.6 Days per year: 365

CO (g/sec) 0.50 Hours per day: 24
SO2 (g/sec) 0.25 Minutes per hour: 60
Only NOx, CO, and SO2  are considered for an average 1-hour Ambient Air Quality Standard. Seconds per minute: 60
NOx, CO, and SO2 one (1) hr rates include contributions from both process venting and SRU startup.

Modeling Worst-Case 3 hr Emissions
SO2 (lb/3-hr) 6.06
SO2 (g/sec) 0.3

Only SO2 is considered for an average 3-hour Ambient Air Quality Standard.

SO2 pounds per 3-hr assumes three (3) hours of oxidation from both process venting and SRU startup.

Modeling Worst-Case 8 hr Emissions 

CO (lb/8-hr) 32.00
CO (g/sec) 0.5
Only CO is considered for an average 8-hour Ambient Air Quality Standard.

Pounds per 8-hr assumes eight (8) hours of oxidation from both process venting and SRU startup.

Modeling Worst-Case 24 Hour Emissions
SO2 (lb/24-hr) 48.49
SO2 (g/sec) 0.3

PM10 = PM2.5 (lb/24-hr) 3.84
PM10 = PM2.5 (g/sec) 0.02

Only SO2 and PM are considered for an average 24-hour Ambient Air Quality Standard.

Pounds per 24-hr assumes 24 hours of oxidation from both process venting and SRU startup.

Modeling Annual Average Emissions

NOx (g/sec) 0.3

CO (g/sec) 0.26

VOC (g/sec) 0.01
SO2 (g/sec) 0.3
PM10 = PM2.5 (g/sec) 0.01

Pounds per year assumes all contributions from annual waste gas oxidation and periodic SRU startup.
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Gasifier Warming Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Gasifier Warming Emissions - Normal Operation
 

Total Hours of Operation 1,800 hr/yr

Gasifier Firing Rate 18 MMBtu/hr Q1 Q2 Q3 Q4

450 450 450 450
Gasifier Pollutant Emission Factors Assuming equal operation in each quarter

NOx (lb/MMBtu, HHV) 0.11

CO (lb/MMBtu, HHV) 0.09

VOC (lb/MMBtu, HHV) 0.007
SO2  (lb/MMBtu, HHV) (12.65 ppm) 0.002

PM10 = PM2.5 (lb/MMBtu, HHV) 0.008

Gasifier Pollutant Emission Rates

Pollutant lb/hr lb/day lb/yr ton/qtr ton/yr

NOx 1.98 47.52 3,564.00 0.45 1.8

CO 1.62 38.88 2,916.00 0.36 1.5

VOC 0.13 3.02 226.80 0.03 0.1
SO2 0.04 0.88 66.10 0.01 0.0
PM10 = PM2.5 0.14 3.46 259.20 0.03 0.1

Please Note That There Are Three Gassifiers; However, Under Normal Operations, Only One Operates At A Time.

Hours per Qtr

Gasifier Emissions
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Gasifier Warming Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Modeling Worst-Case 1 hr Emissions Parameters

NOx (g/sec) 0.2 Days per year: 365

CO (g/sec) 0.2 Hours per day: 24
SO2 (g/sec) 0.0046 Minutes per hour: 60
Only NOx, CO, and SO2  are considered for an average 1-hour Ambient Air Quality Standard. Seconds per minute: 60
NOx, CO, and SO2 one (1) hr rates assume normal operation.

Modeling Worst-Case 3 hr Emissions
SO2 (lb/3-hr) 0.11
SO2 (g/sec) 0.0046

Only SO2 is considered for an average 3-hour Ambient Air Quality Standard.

SO2 pounds per 3-hr assumes three (3) hours of normal operation.

Modeling Worst-Case 8 hr Emissions 

CO (lb/8-hr) 12.96
CO (g/sec) 0.2
Only CO is considered for an average 8-hour Ambient Air Quality Standard.

Pounds per 8-hr assumes eight (8) hours of normal operation.

Modeling Worst-Case 24 Hour Emissions
SO2 (lb/24-hr) 0.88
SO2 (g/sec) 0.0046

PM10 = PM2.5 (lb/24-hr) 3.46
PM10 = PM2.5 (g/sec) 0.02

Only SO2 and PM are considered for an average 24-hour Ambient Air Quality Standard.

Pounds per 24-hr assumes 24 hours of normal operation.
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Gasifier Warming Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Modeling Annual Average Emissions

NOx (g/sec) 0.1

CO (g/sec) 0.0419

VOC (g/sec) 0.0033
SO2 (g/sec) 0.0010
PM10 = PM2.5 (g/sec) 0.0037

Pounds per year assumes 1,800 hours of annual normal operation.
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Cooling Towers Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Cooling Towers - Annual Operating Emissions
 

Total Hours of Operation 8,322 hr/yr

Q1 Q2 Q3 Q4

2080.5 2080.5 2080.5 2080.5
Assuming equal operation in each quarter

Cooling Tower Operating Parameters
Power Block Process Area ASU

Cooling water (CW) circulation rate, gpm 175,000 42,300 40,200
CW circulation rate (million lb/hr) 88 21 20

CW dissolved solids (ppmw) 9,000 9,000 9,000

Drift, fraction of circulating CW 0.0005% 0.0005% 0.0005%

Cooling Tower PM10 Emissions 

lb/hr lb/day lb/yr ton/qtr ton/yr

Power Block Cooling Tower PM10 Emissions 3.94 94.50 32,767.88 4.10 16.38
Process Area Cooling Tower PM10 Emissions 0.95 22.84 7,920.46 0.99 3.96
ASU Cooling Tower  PM10 Emissions 0.90 21.71 7,527.25 0.94 3.76

Hours per Qtr

Cooling Tower PM10 Emissions

Basis

Typical plant performance

(See note)

Expected BACT
Note: Assumed 9,000 ppm TDS in circulating cooling water. Circulating water could range from 1200 to 90,000 ppm TDS depending on makeup water quality and tower operation. PM10 emissions would vary 
proportionately.
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Cooling Towers Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Total Cooling Tower PM10 Emissions 
(ton/yr)

PM10 24.11
PM2.5 14.46

Parameters

Modeling Worst-Case 24 Hour Emissions Power Block Process Area ASU Days per year: 365

Cells per Cooling Tower 13 4 4 Hours per day: 24
PM10 (lb/24-hr) 94.50 22.84 21.71 Minutes per hour: 60
PM10 (g/sec/cell) 0.038 0.030 0.028 Seconds per minute: 60

PM2.5 (lb/24-hr) 56.70 13.71 13.02
PM2.5 (g/sec/cell) 0.023 0.018 0.017

PM is considered for an average 24-hour Ambient Air Quality Standard.

Pounds per 24-hr assumes 24 hours of continual operation.

Modeling Worst-Case Annual Emissions Power Block Process Area ASU

Cells per Cooling Tower 13 4 4
PM10 (ton/yr) 16.38 3.96 3.76

PM10 (g/sec/cell) 0.036 0.028 0.027

PM2.5 (lb/24-hr) 9.830 2.376 2.258
PM2.5 (g/sec/cell) 0.022 0.017 0.016

PM is considered for an annual average Ambient Air Quality Standard.

Assumes continual annual operation.

PM2.5 emission factors were determined by multiplying PM10 numbers by a "PM2.5 fraction of PM10" value.  Fractional values for PM2.5 were taken from the SCAQMD guidance:  Final - Methodology to Calculate 
PM2.5 and PM2.5 Significance Thresholds, October 2006: Appendix A - Updated CEIDARS Table with PM2.5 Fractions.
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Emergency Diesel Generators Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Emergency Generator - Expected Emergency Operation and Maintenance
 

Total Hours of Operation 50 hr/yr

Generator Specification 2,800 Bhp Q1 Q2 Q3 Q4

12.5 12.5 12.5 12.5
Generator Pollutant Emission Factors (per generator) Assuming equal operation in each quarter

NOx (g/Bhp/hr) 0.50

CO (g/Bhp/hr) 0.29

VOC (g/Bhp/hr) 0.11
SO2  (g/Bhp/hr) N/A

PM10 = PM2.5 (g/Bhp/hr) 0.03

Generator Pollutant Emission Rates (per generator)

Pollutant lb/hr lb/day lb/yr ton/qtr ton/yr

NOx 3.09 6.17 154.32 0.02 0.1

CO 1.79 3.58 89.51 0.01 0.04

VOC 0.68 1.36 33.95 0.00 0.02
SO2 0.03 0.06 1.40 0.00 0.001
PM10 = PM2.5 0.16 0.32 8.02 0.00 0.00

Fuel sulfur content = 15 ppmw Pounds per day assumes two (2) hours of operation for maintenance and testing.

SO2 emissions = 0.20 lb SO2/1000 gal

Fuel flow 140.00 gal/hr

Please note that there are two generators; all emissions are shown for individual generators.

Modeling Worst-Case 1 hr Emissions (per generator) Parameters

NOx (g/sec) 0.4 Days per year: 365

CO (g/sec) 0.2 Hours per day: 24
SO2 (g/sec) 0.004 Minutes per hour: 60
Only NOx, CO, and SO2  are considered for an average 1-hour Ambient Air Quality Standard. Seconds per minute: 60

Hours per Qtr

Generator Emissions
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Emergency Diesel Generators Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Modeling Worst-Case 3 hr Emissions (per generator)
SO2 (lb/3-hr) 0.06
SO2 (g/sec) 0.002

Only SO2 is considered for an average 3-hour Ambient Air Quality Standard.

Pounds per 3-hr assumes two (2) hours of operation.

Modeling Worst-Case 8 hr Emissions  (per generator)

CO (lb/8-hr) 3.58
CO (g/sec) 0.06
Only CO is considered for an average 8-hour Ambient Air Quality Standard.

Pounds per 8-hr assumes two (2) hours of operation.

Modeling Worst-Case 24 Hour Emissions (per generator)
SO2 (lb/24-hr) 0.06
SO2 (g/sec) 0.0003

PM10 = PM2.5 (lb/24-hr) 0.32
PM10 = PM2.5 (g/sec) 0.002

Only SO2 and PM are considered for an average 24-hour Ambient Air Quality Standard.

Pounds per 24-hr assumes two (2) hours of operation.

Modeling Annual Average Emissions (per generator)

NOx (g/sec) 0.002

CO (g/sec) 0.001

VOC (g/sec) 0.000
SO2 (g/sec) 0.00002
PM10 = PM2.5 (g/sec) 0.0001

Pounds per year assumes 50  hours of operation.
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Emergency Diesel Firewater Pump Emissions Summary

Hydrogen Energy, Inc
HECA  Project               

Fire Water Pump - Expected Emergency Operation and Maintenance
 

Total Hours of Operation 100 hr/yr

Fire Water Pump Specification 556 Bhp Q1 Q2 Q3

25 25 25
Fire Water Pump Pollutant Emission Factors Assuming equal operation in each quarter

NOx (g/Bhp/hr) 1.50

CO (g/Bhp/hr) 2.60

VOC (g/Bhp/hr) 0.14
SO2  (g/Bhp/hr) N/A

PM10 = PM2.5 (g/Bhp/hr) 0.015

Fire Water Pump Pollutant Emission Rates

Pollutant lb/hr lb/day lb/yr ton/qtr ton/yr

NOx 1.84 3.68 183.86 0.02 0.1

CO 3.19 6.37 318.69 0.04 0.2

VOC 0.17 0.34 17.16 0.00 0.01
SO2 0.01 0.01 0.56 0.0001 0.0003
PM10 = PM2.5 0.02 0.04 1.84 0.00 0.00

Fuel sulfur content = 15 ppmw Pounds per day assumes two (2) hours of operation for maintenance and testing.

SO2 emissions = 0.20 lb SO2/1000 gal

Fuel flow 28.00 gal/hr

Hours per Qtr

Fire Water Pump  Emissions
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Emergency Diesel Firewater Pump Emissions Summary

Hydrogen Energy, Inc
HECA  Project               

Modeling Worst-Case 1 hr Emissions Parameters

NOx (g/sec) 0.2 Days per year: 365

CO (g/sec) 0.4 Hours per day: 24
SO2 (g/sec) 0.0007 Minutes per hour: 60
Only NOx, CO, and SO2  are considered for an average 1-hour Ambient Air Quality Standard Seconds per minute: 60

Modeling Worst-Case 3 hr Emissions
SO2 (lb/3-hr) 0.01
SO2 (g/sec) 0.0005

Only SO2 is considered for an average 3-hour Ambient Air Quality Standard.

Pounds per 3-hr assumes two (2) hours of operation.

Modeling Worst-Case 8 hr Emissions 

CO (lb/8-hr) 6.37
CO (g/sec) 0.1
Only CO is considered for an average 8-hour Ambient Air Quality Standard.

Pounds per 8-hr assumes two (2) hours of operation.
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Emergency Diesel Firewater Pump Emissions Summary

Hydrogen Energy, Inc
HECA  Project               

Modeling Worst-Case 24 Hour Emissions
SO2 (lb/24-hr) 0.01
SO2 (g/sec) 0.0001

PM10 = PM2.5 (lb/24-hr) 0.04
PM10 = PM2.5 (g/sec) 0.0002

Only SO2 and PM are considered for an average 24-hour Ambient Air Quality Standard.

Pounds per 24-hr assumes two (2) hours of operation.

Modeling Annual Average Emissions

NOx (g/sec) 0.003

CO (g/sec) 0.005

VOC (g/sec) 0.0002
SO2 (g/sec) 0.00001
PM10 = PM2.5 (g/sec) 0.00003

Pounds per year assumes 100  hours of operation.
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Intermittent CO2 Vent Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Intermittent CO2 Vent  - Venting Operation

 

Total Days of Operation 21 day/yr

Total Hours of Operation 504 hr/yr Q1 Q2 Q3 Q4

Total Flow 656,000 lb/hr 5.25 5.25 5.25 5.25

Total Flow 15,150 lbmol/hr Assuming equal operation in each quarter

Vent Gas Pollutant Emission Factors

CO (ppmv) 1000

VOC (ppmv) 40
H2S (ppmv) 10
Molecular weight

H2S 34 lb/lbmol

CO 28 lb/lbmol

VOC 16 lb/lbmol

Vent Gas Pollutant Emission Rates

Pollutant lb/hr lb/day lb/yr ton/qtr ton/yr

CO 424.20 10,180.88 213,798.43 26.72 106.9

VOC 9.70 232.71 4,886.82 0.61 2.4
H2S 5.15 123.62 2,596.12 0.32 1.3

Hours per Qtr

Vent Gas Emissions
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Intermittent CO2 Vent Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Modeling Worst-Case 1 hr Emissions Parameters

CO (g/sec) 53.4 Days per year: 365
H2S (g/sec) 0.6 Hours per day: 24

Only H2S and CO are considered for an average 1-hour Ambient Air Quality Standard. Minutes per hour: 60
H2S and CO one (1) hr rates assume normal venting operation. Seconds per minute: 60

Modeling Worst-Case 8 hr Emissions 

CO (lb/8-hr) 3,393.63

CO (g/sec) 53.4
Only CO is considered for an average 8-hour Ambient Air Quality Standard.

Pounds per 8-hr assumes eight (8) continuous hours of venting.

Modeling Annual Average Emissions

CO 3.1

VOC 0.1

H2S 0.0
Pounds per year assumes normal venting averaged over the entire year.
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Feedstock - Dust Collection Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Operation
 

Total Hours of Operation 8,760 hr/yr

Q1 Q2 Q3 Q4

2190 2190 2190 2190
Assuming equal operation in each quarter

Dust Max Feed Air Flow to Max Collector Emission Max 24-hr Average Annual Average
Collector Handling Collector PM Emission Factor Feed Rate PM Emission Feed Rate PM Emission

Description  No. Rate (ton/hr) (acfm) Rate (lb/hr) (lb/ton) (ton/hr) (lb/hr) (ton/hr) (lb/hr)
Truck Unloading DC-1 900 6,463 0.277 0.00031 775 0.239 150 0.046
Coke/coal Silos (filling) DC-2 900 16,376 0.702 0.00078 775 0.604 150 0.117
Mass Flow Bins (in/out) DC-3 170 7,620 0.327 0.00192 170 0.327 150 0.288
Coke/coal Silos (loadout) DC-4 170 4,872 0.209 0.00123 170 0.209 150 0.184
Crusher Inlet/Outlet DC-5 170 4,673 0.200 0.00118 170 0.200 150 0.177
Fluxant Bins (filling) DC-6 100 1,234 0.053 0.00053 40 0.021 6 0.003
Maximum dust collector PM emission rate based on expected supplier guarantee of 0.005 grain/scf outlet dust loading.

The maximum 24-hr feed rate to the gasifiers is limited by the grinding mill capacity.

Duct Collector Emission Rates

Pollutant lb/hr lb/day lb/yr ton/qtr ton/yr

Dust Collecter 1 (DC-1) 0.24 5.72 404.40 0.05 0.2

Dust Collecter 2 (DC-2) 0.60 14.50 1,024.67 0.13 0.5

Dust Collecter 3 (DC-3) 0.33 7.84 2,524.21 0.32 1.3

Dust Collecter 4 (DC-4) 0.21 5.01 1,613.90 0.20 0.8

Dust Collecter 5 (DC-5) 0.20 4.81 1,547.98 0.19 0.8
Dust Collecter 6 (DC-6) 0.02 0.51 27.80 0.00 0.0

Pounds per hour and pounds per day calculated based on the maximum 24-hr average emission rate.

Pounds per year calculated based on the annual average emission rate.

lb/yr ton/qtr ton/yr
PM10 7,143.0 0.9 3.6
PM2.5 2085.7 0.3 1.0

Collector Emissions

Hours per Qtr

PM2.5 emission factors were determined by multiplying PM10 numbers by a "PM2.5 fraction of PM10" value.  Fractional values for PM2.5 were taken from the SCAQMD guidance:  Final - Methodology to Calculate PM2.5 and 
PM2.5 Significance Thresholds, October 2006: Appendix A - Updated CEIDARS Table with PM2.5 Fractions.
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Feedstock - Dust Collection Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Days per year: 365

Hours per day: 24

Minutes per hour: 60
Seconds per minute: 60

Modeling Worst-Case 24 Hour Emissions DC-1 DC-2 DC-3 DC-4 DC-5 DC-6
PM10 (lb/day) 5.72 14.50 7.84 5.01 4.81 0.51

PM10 (g/sec) 0.030 0.076 0.041 0.026 0.025 0.003

PM2.5 (lb/24-hr) 1.672 4.235 2.289 1.463 1.404 0.148
PM2.5 (g/sec) 0.009 0.022 0.012 0.008 0.007 0.001
PM is considered for an average 24-hour Ambient Air Quality Standard.

Pounds per hour calculated based on the maximum 24-hr average emission rate.

Modeling Annual Average Emissions DC-1 DC-2 DC-3 DC-4 DC-5 DC-6
PM10 (lb/yr) 404.40 1,024.67 2,524.21 1,613.90 1,547.98 27.80

PM10 (g/sec) 0.006 0.015 0.036 0.023 0.022 0.000

PM2.5 (lb/24-hr) 118.085 299.204 737.068 471.259 452.010 8.117
PM2.5 (g/sec) 0.002 0.004 0.011 0.007 0.007 0.000

Pounds per year calculated based on the annual average emission rate.

Parameters
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GHG Emissions Summary by Source Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

Natural Gas GHG Emission Factors Diesel GHG Emission Factors
CO2 = 52.78 kg/MMBtu = 116.36 lb/MMBtu CO2 = 10.15 kg/gal = 22.38 lb/gal

CH4 = 0.0059 kg/MMBtu = 0.013 lb/MMBtu CH4 = 0.0003 kg/gal = 0.001 lb/gal
N2O = 0.0001 kg/MMBtu = 0.00022 lb/MMBtu N2O = 0.0001 kg/gal = 0.0002 lb/gal

HRSG Stack
Operating Hours 50 hr/yr
HRSG Heat Input 1,998 MMBtu/hr

CO2 = 5,274 tonne/yr

CH4 = 1 tonne/yr = 12 tonne CO2e/yr
N2O = 0.01 tonne/yr = 3 tonne CO2e/yr Total tonne CO2e/yr = 5,290

During mature operation of the HRSG, the unit will fire only syngas, except during periods of startup and shutdown.

Startup and shutdown of the HRSG will be accomplished using natural gas.  The total startup and shutdown operating hours are estimated at 50 hr/yr.

HRSG heat input rate is assumed to be the maximum heat input rate firing natural gas, which corresponds to winter minimum (20 F).

Auxiliary CTG
Operating Hours 4,110 hr/yr
HRSG Heat Input 911 MMBtu/hr

CO2 = 197,620 tonne/yr

CH4 = 22 tonne/yr = 464 tonne CO2e/yr
N2O = 0.4 tonne/yr = 116 tonne CO2e/yr Total tonne CO2e/yr = 198,200

Average annual GHG operational emissions are calculated using yearly average (65 F) at 100 % load, with evaporative cooling.

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

CO2, CH4, and N2O emission factors are taken from Appendix C of the California Climate Action Registry (CCAR) General Reporting Protocol Version 2.2 (March 2007)
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GHG Emissions Summary by Source Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Auxiliary Boiler
Operating Hours 2,190 hr/yr
HRSG Heat Input 142 MMBtu/hr

CO2 = 16,418 tonne/yr

CH4 = 2 tonne/yr = 39 tonne CO2e/yr
N2O = 0.03 tonne/yr = 10 tonne CO2e/yr Total tonne CO2e/yr = 16,466

Emergency Generators
Operating Hours 50 hr/yr
HRSG Heat Input 2,800 Bhp

CO2 = 3,201 lb/hr = 73 tonne CO2/yr

CH4 = 0.09 lb/hr = 0.045 tonne CO2e/yr
N2O = 0.03 lb/hr = 0.2218 tonne CO2e/yr Total tonne CO2e/yr* = 146

The following conversions were used to convert from lb/gallon to lb/hp-hour; and then multiplying by the rated horsepower rating:  1 gallon/137,000 Btu; and 7,000 Btu/hp-hour.

* Total tonnes CO2e per year represent the contributions from both generators.

Fire Water Pump
Operating Hours 100 hr/yr
HRSG Heat Input 556 Bhp

CO2 = 636 lb/hr = 29 tonne CO2/yr

CH4 = 0.02 lb/hr = 0.018 tonne CO2e/yr
N2O = 0.01 lb/hr = 0.0881 tonne CO2e/yr Total tonne CO2e/yr = 29

The following conversions were used to convert from lb/gallon to lb/hp-hour; and then multiplying by the rated horsepower rating:  1 gallon/137,000 Btu; and 7,000 Btu/hp-hour.
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GHG Emissions Summary by Source Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Gasification Flare
Pilot Operation
Operating Hours 8,760 hr/yr
HRSG Heat Input 0.5 MMBtu/hr

CO2 = 231 tonne/yr

CH4 = 0.03 tonne/yr = 0.5 tonne CO2e/yr

N2O = 0.0004 tonne/yr = 0.1 tonne CO2e/yr Total tonne CO2e/yr = 232

Flaring Events
Total Operation 115,500 MMBtu/yr

CO2 = 6,098 tonne/yr

CH4 = 0.7 tonne/yr = 14 tonne CO2e/yr
N2O = 0.01 tonne/yr = 4 tonne CO2e/yr Total tonne CO2e/yr = 6,116

GHG emissions from flaring events are conservatively estimated using GHG emission factors for natural gas combustion.

SRU Flare
Pilot Operation
Operating Hours 8,760 hr/yr
HRSG Heat Input 0.3 MMBtu/hr

CO2 = 139 tonne/yr

CH4 = 0.02 tonne/yr = 0.3 tonne CO2e/yr

N2O = 0.0003 tonne/yr = 0.08 tonne CO2e/yr Total tonne CO2e/yr = 139
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GHG Emissions Summary by Source Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Flaring Events (assist gas)
Operating Hours 6 hr/yr
HRSG Heat Input 36 MMBtu/hr

CO2 = 11 tonne/yr

CH4 = 0.001 tonne/yr = 0.03 tonne CO2e/yr

N2O = 0.00002 tonne/yr = 0.007 tonne CO2e/yr Total tonne CO2e/yr = 11

Throughput (inerts)
H2S = 25 %

CO2 (inerts) = 75 %

H2S = 72 lbmol/hr

CO2 (inerts) = 216 lbmol/hr

CO2 (inerts) = 9,488 lb/hr
Operating Hours 6 hr/yr

Total tonne CO2e/yr = 26

GHG emissions from flaring events are conservatively estimated using GHG emission factors for natural gas combustion.

Throughtput (inerts) amount calculated from the relationship of CO2 to H2S in the SRU Flare.
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GHG Emissions Summary by Source Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Rectisol Flare
Pilot Operation
Operating Hours 8,760 hr/yr
HRSG Heat Input 0.3 MMBtu/hr

CO2 = 139 tonne/yr

CH4 = 0.02 tonne/yr = 0.3 tonne CO2e/yr

N2O = 0.0003 tonne/yr = 0.08 tonne CO2e/yr Total tonne CO2e/yr = 139

GHG emissions from flaring events are conservatively estimated using GHG emission factors for natural gas combustion.

Tail Gas Thermal Oxidizer
Process Vent Disposal Emissions
Operating Hours 8,760 hr/yr
HRSG Heat Input 10 MMBtu/hr

CO2 = 4,625 tonne/yr

CH4 = 0.52 tonne/yr = 10.9 tonne CO2e/yr

N2O = 0.0088 tonne/yr = 2.7 tonne CO2e/yr Total tonne CO2e/yr = 4,638

SRU Startup Waste Gas Disposal
Operating Hours 300 hr/yr
HRSG Heat Input 10 MMBtu/hr
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GHG Emissions Summary by Source Emissions Summary

Hydrogen Energy, Inc 6/30/2009
HECA  Project               

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

CO2 = 158 tonne/yr

CH4 = 0.018 tonne/yr = 0.37 tonne CO2e/yr
N2O = 0.00030 tonne/yr = 0.093 tonne CO2e/yr Total tonne CO2e/yr = 159

GHG emissions from flaring events are conservatively estimated using GHG emission factors for natural gas combustion.

Intermittent CO2 Vent
Operating Hours 504 hr/yr
CO2 Emission Rate 656,000 lb/hr

Total tonne CO2e/yr = 150,011

Assumes 21 days per year venting at full rate.

Gasifier Warming
Operating Hours 1,800 hr/yr
HRSG Heat Input 18 MMBtu/hr

CO2 = 1,711 tonne/yr

CH4 = 0 tonne/yr = 4 tonne CO2e/yr
N2O = 0.00 tonne/yr = 1 tonne CO2e/yr Total tonne CO2e/yr = 1,716

Total tonne CO2e/yr = 383,317
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HECA  Project               

Calculations for Trucks Operation Modeling

Data Supplied By Client

Parameter

Running Emissions Idling Emissions Running Emissions Idling Emissions

Distance Traveled (mi) 0.9659 0.568

Per Truck Idle Time (hr) 0.117 0.083

Maximum number of trucks or loads:

1-hr 18 18 2 2

3-hr 54 54 7 7

8-hr 144 144 13 13

24-hr 180 180 38 37.5

Annual average trucks or loads 35,500 35500 2,900 2900

Emission Factor based on equation from AP-42, Chapter 13 (Paved Roads)

E = particulate emission factor
k = particle size multiplier for particle size range and units of interest
sL = road surface silt loading
W = average weight (tons) of the vehicles traveling the road
C = emission factor for 1980's vehicle fleet exhaust, brake wear and tire wear.

Parameter Value Unit
k = 0.016 lb/VMT AP 42, Table 13.2-1.1: default k value for PM10

C = 0.00047 lb/VMT AP 42, Table 13.2-1.2: default C value for PM10

sL= 0.031 g/m2 Default value from URBEMIS 9.2 for Kern County
W = 2.65 ton Default value from URBEMIS 9.2 for Kern County

E = 4.1E-04 lb/VMT Default value from URBEMIS 9.2 for Kern County
0.19 g/VMT Default value from URBEMIS 9.2 for Kern County

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)
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EMFAC2007 Emission Factors (g/mi or g/idle-hour)

Running Emissions Idling Emissions Running Emissions Idling Emissions
CO 8.289 47.47 12.05 47.47

NOx 16.59 115.98 23.645 115.98
SOx 0.03 0.062 0.04 0.062

PM10 * 1.09 1.115 1.47 1.115
PM2.5 0.794 1.026 1.142 1.026

* PM10 iincludes entrained road dust factor for paved roads obtained from AP-42 Ch. 13, using defaults from URBEMIS 9.2

1-hr Emission Rates for AERMOD (g/s)

Running Emissions               
( 0.84 mile route)

Idling Emissions                              
(at each Idle Point)

Running Emissions               
( 0.568 mile route)

Idling Emissions                              
(at each Idle Point)

CO 0.040 0.028 0.004 0.002
NOx 0.080 0.068 0.007 0.005
SOx 1.4E-04 3.6E-05 1.2E-05 2.9E-06

PM10 0.005 0.001 0.000 5.2E-05
PM2.5 0.004 0.001 3.60E-04 4.8E-05

3-hr Emission Rates for AERMOD (g/s)

Running Emissions               
( 0.84 mile route)

Idling Emissions                              
(at each Idle Point)

Running Emissions               
( 0.568 mile route)

Idling Emissions                              
(at each Idle Point)

CO 0.040 0.028 0.004 0.003
NOx 0.080 0.068 0.009 0.006
SOx 1.4E-04 3.6E-05 1.4E-05 3.3E-06

PM10 0.005 0.001 0.001 6.0E-05
PM2.5 0.004 0.001 4.20E-04 5.5E-05

Pollutant

Pollutant

Pollutant

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)
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8-hour Emission Rates for AERMOD (g/s)

Running Emissions               
( 0.84 mile route)

Idling Emissions                              
(at each Idle Point)

Running Emissions               
( 0.568 mile route)

Idling Emissions                              
(at each Idle Point)

CO 0.040 0.028 0.003 0.002
NOx 0.080 0.068 0.006 0.004
SOx 1.4E-04 3.6E-05 9.5E-06 2.3E-06

PM10 0.005 0.001 3.8E-04 4.2E-05
PM2.5 0.004 0.001 2.9E-04 3.9E-05

24-hour Emission Rates for AERMOD (g/s)

Running Emissions               
( 0.84 mile route)

Idling Emissions                              
(at each Idle Point)

Running Emissions               
( 0.568 mile route)

Idling Emissions                              
(at each Idle Point)

CO 0.017 0.012 0.003 0.002
NOx 0.033 0.028 0.006 0.004
SOx 6.0E-05 1.5E-05 9.1E-06 2.2E-06

PM10 0.002 2.7E-04 3.6E-04 4.0E-05
PM2.5 0.002 2.5E-04 2.8E-04 3.7E-05

Annual Emission Rates for AERMOD (g/s)

Running Emissions               
( 0.84 mile route)

Idling Emissions                              
(at each Idle Point)

Running Emissions               
( 0.568 mile route)

Idling Emissions                              
(at each Idle Point)

CO 0.009 0.006 0.001 0.000
NOx 0.018 0.015 0.001 0.001
SOx 3.3E-05 8.1E-06 1.9E-06 4.8E-07

PM10 0.001 1.5E-04 7.7E-05 8.5E-06
PM2.5 0.001 1.3E-04 6.0E-05 7.9E-06

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)

Pollutant

Pollutant

Pollutant

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)

Coke and Coal Trucks (@ 10 mph) Onsite Gasifier Solids Handling (@ 5 mph)
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 Annual and Seasonal Windroses for the 

APPENDIX   Bakersfield Airport (2000 through 2004) A
 
2000-2004 Annual (Jan - Dec) 
 

 
 
 
Figure A-1 Annual Windrose for Bakersfield Airport based on Surface Data for 2000-2004 

 X:\x_env\HECA\Air Modeling\HECA Modeling Protocol Final 020609.doc A-1 



 Annual and Seasonal Windroses for the 

APPENDIX   Bakersfield Airport (2000 through 2004) A
 
2000-2004 Spring (Mar, Apr, May) 
 

 
 
Figure A-2 Spring Season Windrose for Bakersfield Airport based on Surface Data for 2000-2004 
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 Annual and Seasonal Windroses for the 

APPENDIX   Bakersfield Airport (2000 through 2004) A
 
2000-2004 Summer (Jun, July, Aug) 
 

 
 
Figure A-3 Summer Season Windrose for Bakersfield Airport based on Surface Data for 2000-2004 
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 Annual and Seasonal Windroses for the 

APPENDIX   Bakersfield Airport (2000 through 2004) A
 
2000-2004 Fall (Sep, Oct, Nov) 
 
 

 
 
Figure A-4 Fall Season Windrose for Bakersfield Airport based on Surface Data for 2000-2004 
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 Annual and Seasonal Windroses for the 

APPENDIX   Bakersfield Airport (2000 through 2004) A
 
2000-2004 (Dec, Jan, Feb) 
 

 
 
Figure A-5 Winter Season Windrose for Bakersfield Airport based on Surface Data for 2000-2004 
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CEC Written Comments on the Modeling Protocol for Hydrogen Energy California 
Project 

Note: Applicant’s Response provided in italic font following comment. 

HECA Modeling Protocol Comments 

1) Section 4.2.2 Page 4-3. If any of the construction modeling analyses show 
1-hour NO2 values greater than 339 µg/m3 with the maximum NO2 
background added, we request that an hourly NO2 background comparison 
using 2000-2004 data from the same monitoring site as the ozone data be 
performed to determine if any hours would still exceed 339 µg/m3. 

Applicant acknowledges this approach but it was not necessary in this 
case. 

2) Section 4.3.1 – Due to the unusually high fuel delivery/handling 
requirements for this project, staff requests that operational emission 
modeling analysis include the dedicated onsite vehicle emissions and 
onsite fuel haul truck and/or train emissions, and the onsite  
paved/unpaved road dust. 

These emissions sources have been included in the modeling analysis. 

3) Section 4.3.1 – The expected flaring and other expected upset/emergency 
emissions should be modeled to determine worst-case short-term impacts. 
This section of the protocol should discuss how these potential short-term 
worst-case events will be included in the operational project sources 
modeling analysis. Analysis of acute air toxic exposures from these events 
should also be discussed. 

Two of the three flares are expected to operate during normal startup and 
shutdown of the facility and their emissions during these times have been 
included in the modeling analysis.  The third flare is not expected to 
operate during normal startup and shutdown so there are no emissions 
from this flare to include in the modeling.  There will be no air quality 
impacts from operations of the flares during “other expected” 
upset/emergency operations because there are no other expected 
upset/emergency operations of the flares.  Unexpected operation of the 
flares may occur, but it’s too speculative to quantify the nature and 
frequency of these occurrences in the detail required to provide 
meaningful input to the model.  Impacts to air quality based on speculative 
input also would be speculative.  The approach to modeling the flares is 



therefore consistent with the approach used to model the diesel generator 
engines and diesel fire water pump engine.  Modeling of operations of 
these diesel engines during, expected, routine testing is included because 
these are planned operations, emissions from which may be quantified.  
Modeling of the emergency operations of the engines is not required 
because the forecast of their emergency operation is too speculative.  The 
flares and the diesel engines are each included in the project as prudent 
safety measures and to comply with applicable codes and regulations.  It 
is conceivable (and also desirable) that neither the flares nor the diesel 
engines would operate in an upset/emergency situation during the year. 

4) Section 4.3.1 – A modeling analysis of the CO2 vent should be completed 
to show it is properly designed to keep potentially harmful CO2 
concentrations from impacting facility employees or any offsite receptors. 
The modeled concentration levels should be compared to appropriate 
NIOSH and OSHA worker exposure limits and any other relevant 
sensitive receptor exposure limits. 

The DEGADIS modeling estimated the worst case hourly (D stability and 
1 meter per second wind speed) maximum ground level concentrations of 
CO2 during intermittent CO2 venting to be 6,131 ppm.  This value is 
about 15 percent of the IDLH concentration of 40,000 ppm and less than 
20 percent of the NIOSH short-term exposure limit of 30,000 ppm. 
Therefore it is well below potentially harmful concentrations. 

5) Section 4.3.2 – Please identify the basic source input modeling parameters 
that will be used for the area, volume, and point sources used for the 
construction modeling (i.e. initial height, temperature, initial lateral and 
vertical dimensions, etc. as appropriate for each source type). 

This information has been included in the modeling analysis. 

6) Table 4-3 page 4-11. We believe that footnote “c” in this table is now 
dated as the final redesignation appears to have been noticed in the Federal 
Register on November 12th 2008. 

Comment noted.  The designation of PM10 under the National Standards 
is shown in the AFC as “Attainment.” 

7) Section 4.7 – Please indicate the emission sources that will be included in 
the fumigation modeling analysis. 



The sources included in the fumigation model are identified in Section 
5.1.2.4. 

Additional Note: 

1) In order to try to minimize additional modeling run corrections/requests 
during project discovery, we would like to point out that several emission 
sources are inconsistent with other similar equipment staff has experience 
in licensing, including: a) the PM10 emission rate for the cooling towers is 
based on a very high TDS content so we suggest reviewing whether such a 
high TDS is reasonable considering normal TDS limiting issues such as 
silica content; b) the PM10 emission rate from the LMS100 auxiliary 
turbine is much higher than any other similar LMS100 project licensed 
(10.5 lb/hour vs. 6 lb/hour for Panoche and Walnut Creek); c) the PM10 
emission rate for the main CTG/HRSG appears high in comparison to 
other licensed plants on a fuel input basis and 4 ppm for NOx may be too 
high to meet BACT for a large gas turbine, certainly when operating on 
natural gas. We suggest a review of these emission sources be performed 
prior to modeling, because if they are not revised they will certainly be 
data requests topics. 

The applicant has revised the BACT emission limit for PM10 from the 
LMS100 auxiliary combustion turbine to 6 lb/hr per the determinations 
identified above.  The cooling tower TDS has not been modified due to the 
resulting  implications on water usage it would create.  The CTG/HRSG 
BACT limit for NOx when firing natural gas has not been modified due to 
vendor guarantee limitations.  For a complete discussion of the proposed 
BACT technologies and emission limits see Appendix D-2. 



 

 

 OC\1017756.1 

Appendix D 

Downwash Parameters



Downwash Structures
HECA

Buildings

Building Name Comment
Number of 

Tiers
Tier 

Number
Base 

Elevation
Tier 

Height
Number of 
Corners

Corner 1 
East (X)

Corner 1 
North (Y)

(ft) (ft) (m) (m)
1 FINESLAG Fine Slag Handling Enclosure 1 1 288.5 70 4 283221.4 3912480
2 SLRYPREP Slurry Preparation Building 1 1 288.5 165 4 283149.2 3912326
3 GASIFIER Gassifier Structure 1 1 288.5 200 4 283204 3912352
4 AGR AGR Refrigeration Compressor Enclosure 1 1 288.5 40 4 283132.3 3912194
5 CO2 CO2 Compressor Enclosure 1 1 288.5 50 4 283148.9 3912117
6 ASU_COOL ASU Cooling Tower 1 1 288.5 50 4 282884 3912012
7 STG Steam Turbine Generator Structure 1 1 288.5 50 12 282851 3912173
8 CTG Combustion Turbine Generator 1 1 288.5 50 10 282851.4 3912218
9 AUX_CTG Auxiliary CTG Structure 1 1 288.5 45 20 282856.5 3912256

10 HRSG Heat Recovery Steam Generator 1 1 288.5 90 4 282934.2 3912219
11 KO_DRUM Flare KO Drum 1 1 288.5 35 8 283056.8 3912304
12 PWR_COOL Power Block and Gassification Cooling To 1 1 288.5 50 4 283024.1 3912010
13 ASU_COMP ASU Main Air Compressor Enclosure 1 1 288.5 40 4 282893.5 3912076
14 AUX_BOIL Auxiliary Boiler 1 1 288.5 50 4 282913.4 3912286
15 EMER_GN1 Emergency Generator - 1 1 1 288.5 20 4 282933.4 3912178
16 EMER_GN2 Emergency Generator - 2 1 1 288.5 20 4 282933.3 3912169
17 AIR_SEP Air Separation Column Can 1 1 288.5 85 22 282918.2 3912110
18 AGR_METH AGR Methanol Wash Column 1 1 288.5 235 4 283091.7 3912224
19 LOX_TANK LOx Tank 1 1 288.5 90 8 282870.4 3912114
20 DEMIN1 Demineraized Storage Tank 1 1 1 288.5 45 4 282965.9 3912234
21 DEMIN2 Demineraized Storage Tank 2 1 1 288.5 45 4 282965.9 3912215

Tanks

Tank Name Description
Base 
Elevation

Center  
East (X)

Center  
North (Y)

Tank 
Height

Tank 
Diameter

(ft) (m) (m) (ft) (ft)
1 PROC_WTR Process Water Treatment Feed Tank 288.5 283173.3 3912430 32 35
2 GREY_WTR Grey Water Tank 288.5 283158.5 3912415 40 30



3 SETTLER Settler 288.5 283184.2 3912394 35 85
4 SLURTK_N Slurry Run Tank - N 288.5 283184 3912318 75 38
5 SLURTK_S Slurry Run Tank - S 288.5 283183.4 3912302 75 38
6 SOUR_WTR Sour Water Stripper Feed Tank 288.5 283022.5 3912124 32 48
7 CONDENSA Condensate Storage Tank 288.5 282957 3912250 24 34
8 FIREWATR Firewater Storage Tank 288.5 282758.5 3912510 48 110
9 RAWWATER Raw Water Tank 288.5 282850.6 3912507 48 100

10 TREATD_W Treated Water Tank 288.5 282857.4 3912462 40 90
11 SILO_W Feedstock Storage Silos -  West 288.5 283261.6 3912672 150 80
12 SILO_C Feedstock Storage Silos - Central 288.5 283290.1 3912671 150 80
13 SILO_E Feedstock Storage Silos - East 288.5 283316.9 3912670 150 80
14 METHNL Methanol Storage Tank 288.5 283115.2 3912061 40 40
15 AIR_CAN Air Separation Can 288.5 282943.5 3912107 205 33
16 DEMINERA Demineraized Storage Tank 288.5 282857.3 3912364 40 60
17 PURH2O_1 Purified Water Tank 288.5 282857.4 3912424 48 90
18 PURH2O_2 Purified Water Tank 288.5 282839.4 3912395 48 42.5
19 PURH2O_3 Purified Water Tank 288.5 282865.6 3912396 32 35
20 WATERT_N Water Treatment Tank North 288.5 282761 3912395 48 120
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E1.0 BACKGROUND 

In accordance with comments from the National Park Service (NPS), U.S. Forest Service (USFS) 
and U.S. Environmental Protection Agency (USEPA) Region IX regarding far-field air quality 
modeling analysis for the proposed Hydrogen Energy California (HECA) project (the Project), a 
refined CALPUFF modeling analysis was performed in conjunction with the CALMET 
diagnostic meteorological model. Based on the written comments from the NPS and EPA and 
verbal comments from the USFS, the refined CALPUFF modeling considered only the San 
Rafael Wilderness Class I PSD area for the analysis, described in Section 3.0. 

E1.1 MODEL SELECTION AND SETUP 

The CALPUFF air dispersion model is the preferred model for long-range transport 
recommended by the Federal Land Managers’ Air Quality Related Value Workgroup (FLAG) 
guidance and the Interagency Work group on Air Quality Modeling (IWAQM) Phase 2 
Summary Report. To estimate air quality impacts at distances greater than 50 kilometers, the 
CALPUFF model was used in conjunction with the CALMET diagnostic meteorological model. 
CALPUFF is a puff-type model that can incorporate three-dimensionally varying wind fields, 
wet and dry deposition, and atmospheric gas and particle-phase chemistry. 

The CALMET model is used to prepare the necessary gridded wind fields for use in the 
CALPUFF model. CALMET can accept as input, mesoscale meteorological data (MM5 data), 
surface, upper air, precipitation, cloud cover, and over-water meteorological data (all in a variety 
of input formats). These data are merged and the effects of terrain and land cover types are 
estimated. This process results in the generation of a gridded three-dimensional (3-D) wind field 
that accounts for the effects of slope flows, terrain blocking effects, flow channelization, and 
spatially varying land use types. 

The development of model inputs and options for CALMET/CALPUFF processor was based on 
guidance provided in the following references: 

• Federal Land Managers’ Air Quality Related Values Workgroup (FLAG) Phase I Report 
(December 2000); 

• Inter-agency Working Group on Air Quality Modeling (IWAQM) Phase 2 Summary Report 
and Recommendations for Modeling Long-Range Transport Impacts (December 1998); 

• CALMET/CALPUFF Protocol for BART Exemption Screening Analysis for Class I Areas in 
the Western United States (August 15, 2006); 

• CALPUFF Reviewer’s Guide (DRAFT) prepared for the United States Department of 
Agriculture (USDA) Forest Service and NPS (September 2005); and 

• Permit application PSD particulate matter speciation methodology developed by Don 
Shepherd, NPS (2009). 
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Key input and model options selected are discussed in the following sections. 

The most recent EPA-approved versions of the CALMET, CALPUFF, CALPOST system 
(version 5.8, version 5.8 and version 5.6394, respectively) were used. 

E1.2 DOMAIN 

For this Project, the CALMET/CALPUFF modeling domain was specified using the Lambert 
Conformal Conic (LCC) Projection system in order to capture the earth curvature of the large 
modeling domain more accurately for this Project.. The false easting and northing at the 
projection origin were both set to zero. The latitude and longitude of the projection origin were 
set to 35.057 N and 119.643 W, respectively. Matching parallels of latitude 1 and 2 were defined 
as 34.38 N and 35.67 N, respectively. The choice of the matching parallels was made according 
to the latitudinal extent of the modeling domain, and therefore the parallels should be contained 
within the modeling domain in order to minimize distortion. An accepted rule-of-thumb is the 
rule of sixths which calls for one parallel to be placed 1/6th of the domain’s north-south extent 
south of the domain’s north edge, and an identical distance north of the domain’s south edge 
(WDEQ 2006). The modeling domain was defined using a grid-cell arrangement that is 52 cells 
in X (easting) direction and 54 cells in Y (northing) direction. The grid-cells are 4 kilometers 
wide. Therefore, the southwestern corner of the gird cell (1,1) was set to -101 kilometer and 
-110 kilometer. 

At least 50 kilometers of buffer distance was set between the most outer-boundary of all Class I 
areas within the modeling domain in order to prevent the loss of mass outside the boundary 
under some meteorological scenarios that might be associated with transport to nearby Class I 
areas. The total CALMET/CALPUFF modeling domain is shown in Figure 1. The entire MM5 
data set domain is shown for information only in Figure 2. 
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Figure 1 
CALMET/CALPUFF Modeling Domain 
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Figure 2 
MM5 and CALMET/CALPUFF Modeling Domain 
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E2.0 CALMET PROCESSING 

E2.1 MM5 DATA 

An MM5 data set was used in conjunction with the actual surface and precipitation 
meteorological data observations. Three years (2001 through 2003) of MM5 data were obtained 
from Western Regional Air Partnership (WRAP). These MM5 data were used for Utah and 
Nevada’s Best Available Retrofit Technology (BART) analysis by WRAP (WRAP 2006). The 
MM5 data had a 36 kilometer resolution. Initial-guess wind fields based on hourly 36-kilometer 
MM5 meteorological fields for 2001, 2002 and 2003 (IPROG = 14) were used. MM5 domain is 
shown in Figure 2. 

E2.2 HOURLY SURFACE AND PRECIPITATION DATA 

CALMET pre-processed hourly surface data were obtained from WRAP’s CALPUFF BART 
website (WRAP 2008). WRAP used approximately 190 different surface meteorological data 
stations for a 3-year period (2001 through 2003) for BART analysis. Although thirteen stations 
are located within the HECA CALPUFF modeling domain, all surface stations were used for this 
modeling analysis. 

This modeling analysis considered the effects of chemical transformations and deposition 
processes on ambient pollutant concentrations; therefore, observation of precipitation was 
included in the CALMET analysis. CALMET pre-processed precipitation data were also 
collected from WRAP’s BART website (WRAP 2008). The precipitation stations are co-located 
with surface meteorological data stations. The inverse-distance-squared interpolation scheme 
was used to generate a gridded precipitation field with hourly precipitation data. The radius of 
influence for the interpolation method was set to 100 kilometers. 

The locations of both surface and precipitation stations used in this analysis are illustrated in 
Figure 3. 
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Figure 3 
Locations of Surface and Precipitation Data Stations 
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E2.3 UPPER AIR DATA 

No observed upper-air meteorological observations were used because they are redundant to the 
MM5 data and may introduce spurious artifacts in the wind field (WRAP 2006). WRAP explains 
that the twice-daily upper-air meteorological observations are used as input, with the MM5 
model estimates nudged to the observations as part of the Four Dimensional Data Assimilation 
(FDDA) in the application of the MM5. This results in higher temporal (hourly versus 12-hour) 
and spatial (36-kilometer versus approximately 300-kilometer) resolution upper-air meteorology 
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in the MM5 field that is dynamically balanced, than contained in the upper-air observations. 
Therefore, the use of the upper-air observations with CALMET is not needed and in fact will 
upset the dynamic balance of the meteorological fields potentially producing spurious vertical 
velocities (WRAP 2006). 

E2.4 CALMET ZFACE AND ZIMAX SETTINGS 

Eleven vertical layers were used with vertical cell face (ZFACE) heights at 0, 20, 100, 200, 350, 
500, 750, 1,000, 2,000, 3,000, 4,000, and 5,000 meters. Maximum mixing height (ZIMAX) was 
set to 4,500 meters based on the WRAP modeling analysis. WRAP introduced Colorado 
Department of Public Health and Environment analyses of soundings for summer ozone events 
in the Denver area (CDPHE 2005). The CDPHE analysis suggests mixing heights in the Denver 
area are often well above the CALMET default value of 3,000 meters during the summer. A 
3,000-meter AGL maximum mixing height might be appropriate in the eastern U.S.; however, in 
the western U.S. in the summer, mixing heights may exceed this value. WRAP expected that 
mixing heights in excess of the 3,000-meter above-ground-level CALMET default maximum 
would occur in the western U.S. (WRAP 2006). 

E2.5 WIND FIELD MODEL OPTIONS 

In general, CALMET involves two steps in developing the final wind field. First, the prognostic 
wind field (such as MM5) is introduced into CALMET as the initial-guess field. CALMET then 
adjusts this field by accounting for the kinematic terrain effects, slope flows, blocking effects, 
and 3-D divergence minimization. The wind field resulting from this step is called the Step 1 
wind field. Second, CALMET further adjusts the Step 1 wind field by applying an objective 
analysis procedure with observational data from selected surface, upper air, and precipitation 
stations. This step generates the final (Step 2) wind field. The “Diagnostic Wind Module” 
(DWM) option follows this two-step procedure. In this analysis, the DWM option was chosen in 
order to reflect the terrain effects in the wind field. Because several mountain ranges occur 
within the modeling domain, it was expected that terrain effects would be significant. 

The MM5 data were used as the initial-guess wind field. The extrapolation of the surface wind 
data aloft (IEXTRP = -4) was used as recommended by the USEPA. 

Wind speed and wind direction data from observation stations were only allowed to influence the 
Step 1 wind field at a distance determined by setting the radius-of-influence parameter. The 
radius of influence for the surface (RMAX1) was set to 100 kilometers as recommended by the 
Federal Land Managers. The distance from a surface observation station at which the 
observations and Step 1 wind field were weighted was set to 50 kilometers, which is within the 
FLM’s recommended range of 20 to 80 kilometers. Radius of influence for terrain features was 
set to 10 kilometer. All of these radius-of-influence parameters were set based on CALPUFF 
Reviewer’s Guide (2005). 
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E2.6 LULC AND TERREL PROCESSING 

The CALMET and CALPUFF models incorporate assumptions regarding land-use classification, 
leaf-area index, and surface roughness length to estimate deposition during transport. These 
parameters were calculated with a 4 kilometer grid spacing for the modeling domain. 
U.S. Geological Survey (USGS) 1:250,000-scale digital elevation models (DEMs) and Land Use 
Land Cover (LULC) classification files were obtained and used to develop the geophysical input 
files required by the CALMET model. USGS 1:250,000-scale (1-degree) DEMs data with 
90-meters resolution were obtained from the USGS ftp site: http://edcftp.cr.usgs.gov/pub/data/
DEM/250/. Using nine 1-degree DEM data files obtained, terrain pre-processor (TERREL) was 
processed to produce gridded fields of terrain elevation in the formats compatible with the 
CALMET. The names of 1 degree DEM quadrangles are as follows: Bakersfield-e, Bakersfield-
w, Fresno-e, Fresno-w, Los_angeles-e, Los_angeles-w, Montery-e, San_luis_obispo-e, 
Santa_maria-e. Figure 4 shows the elevation contours calculated within the model domain. 

LULC data (*.gz) were obtained from USGS 250K site, http://edcftp.cr.usgs.gov/pub/data/
LULC/. Land Use Data Preprocessors, CTGCOMP, and CTGPROC were processed to compress 
six 250K LULC data files obtained. After processing, the data were quality checked to ensure 
land use was accurately represented. USGS land use data contain 38 land use categories. These 
were mapped to 14 categories read by CALMET. The names of 250K LULC quadrangles are as 
follows: Bakersfield, Fresno, Los_Angeles, Montery, San_Luis_Obispo, and Santa_Maria. 
Figure 5 shows the plot of land use data. 

The outputs of TERREL and CTGPROC were combined in the geo-physical preprocessor 
(MAKEGEO) to prepare the CALMET geo-physical input file. These inputs include land use 
type, elevation, surface parameters (surface roughness, length, albedo, bowen ratio, soil heat flux 
parameter, and vegetation leaf area index) and anthropogenic heat flux. 
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Figure 4 
3-D Terrain Elevation Contours 
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Figure 5 
Land Use Land Cover 
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E3.0 CALPUFF PROCESSING 

E3.1 RECEPTORS OF CLASS I AREAS 

Receptors for all refined CALPUFF modeling of each Class I area were obtained from the NPS’ 
Class I Areas Receptor database (NPS, 2008). No modifications were made to the receptor 
locations or heights, as provided in the database. The Latitude/Longitude of the Class I receptor 
coordinates were converted to Lambert Conformal Conic (LCC) coordinates based on domain 
setup, described in Section 1.2. 

Three Class I areas are located within the region of the Project site: Dome Land Wilderness 
Area, Sequoia National Park, and San Rafael Wilderness Area. Table 1 lists the distances from 
the Project Site to the closest and farthest points of each Class I area. 

Table 1 
Class I Areas near the Project Site 

Class I Areas Distance from the Project Site (km) Model Included? 

Closest 63 Yes 
San Rafael Wilderness Area 

Farthest 84 Yes 

Closest 110 No 
Dome Land Wilderness Area 

Farthest 169 No 

Closest 123 No 
Sequoia National Park 

Farthest 177 No 

The NPS does not anticipate any significant air quality impact at Sequoia National Park based on 
the distance (123 kilometers) from the Project facility, and the low emissions from proposed 
Project facility. Dome Land Wilderness Area is located in the range of 110 kilometers to 
169 kilometer distance from the Project Site. Based on the distance, the low emissions from the 
proposed Project facility, and the dominant wind direction at Bakersfield monitoring station 
(dominant wind is blowing from the northwest, while the Dome Land Wilderness Area is located 
northeast of the Project Site), it was not anticipated that there will be any significant air quality 
impacts at Dome Land Wilderness Area; therefore, these two Class I areas were not included in 
the Project analysis. The nearest parts of the San Rafael Wilderness are located beyond 31.1 
miles (50 kilometer) and within 62.1 miles (100 kilometer) from the proposed facility; thus, only 
San Rafael Wilderness Class I area was included in the Air Quality Relative Values (AQRV) 
analysis. 

E3.2 SOURCES INCLUDED IN CALPUFF MODELING 

Required emissions in CALPUFF correspond with the needed analysis and include maximum 
short-term rates for increment and visibility impacts, as well as maximum annual emissions for 
species deposition and increment comparison. Because of the various operations involved and 
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potential occurrence during a specific period, the CALPUFF modeled sources and emissions 
included potential overlapping operations. 

The maximum, Potential-to-Emit (PTE) emission rate for each averaging time period is shown in 
Table 2. The maximum emission rates shown in Table 2 in units of grams per second were 
converted from the corresponding maximum emission rates expressed in units of either pounds 
per hour, pounds per day, or tons per year contained in the emissions inventory. The maximum 
PTE rates are conservatively estimated based on simultaneous worst-case operation of all sources 
at the facility (please note that the auxiliary boiler was exempted in the modeling analysis 
because the auxiliary boiler is not operating when the HRSG turbine is operating). For example, 
for the 24-hour analysis, it was assumed that the gasification flare operates for 24 hours of wet 
flaring. This could happen during a cold gasification plant startup, which is anticipated to occur 
only one time per year and last up to about 26 hours. However, the 24-hour analysis model 
conservatively assumed that a full 24 hours of this event happens every day, to make sure a worst 
case scenario was considered. Otherwise, the gasification flare operates on pilot only. In 
addition, for the 24-hour analysis, the sulfur recovery unit (SRU) flare emissions were estimated 
assuming 3 hours of startup/shutdown flaring, and the remainder of the day in pilot operation. 
This startup/shutdown is anticipated to occur only 6 hours total per year; otherwise, the SRU 
flare operates on pilot only. However, the model conservatively assumed that a full 3 hours of 
this flaring event happens every day. 

Not only was each source above modeled individually using emission rates based on the worst-
case scenario, the modeling approach conservatively assumed that cumulatively all the sources 
will be operated at those emission rates every day. This is a highly improbable operating scenario 
and results in a very conservative modeling approach. More details of the conservative nature of 
the modeling approach may be found in Section 4.1 of this appendix. 

The stack parameters of all sources are shown in Table 3. 

The CALPUFF modeling included speciation of emissions according to the NPS’ Particulate 
Matter Speciation (PMS) method for natural gas combustion turbines. Applying the PMS 
methodology, 67 percent of total (SO2) start speciated into SO2, and 33 percent of total SO2 were 
speciated into SO4. Also, the total particulate matter 10 microns in diameter or less (PM10) 
emission from HRSG/Turbine was speciated into Elemental Carbon (EC) and Secondary 
Organic Aerosol (SOA). The SOA was speciated again into PM0.05, PM0.01, PM0.15, PM0.20, 
PM0.25, and PM1.0 (indicated as PM0005, PM0010, PM0015, PM0020, PM0025, and PM0100 in 
the modeling, respectively). The PM10 emissions from other sources were modeled directly as 
PM10. Direct emissions of the remaining species, nitric acid (HNO3) and nitrate (NO3), were 
assumed to be zero for the natural gas burning sources of the project. The modeled emissions are 
shown in Table 4 (3-hour averaged), Table 5 (24-hour averaged), and Table 6 (annual averaged). 
The SOA size distribution is shown in Table 7. In addition, total PM emission was separately 
modeled as INCPM without speciation for incremental PM analysis. 

The 3-hour averaged emission rate was used for the 3-hour SO2 impact analysis. The 24-hour 
averaged emission rate was used for the 24-hour SO2 and 24-hour PM10 impact analyses, and 
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visibility impairment impact analysis. The annual emission rate was used for the annual NOx, 
annual SO2, and annual PM10 impact analyses, as well as nitrogen and sulfur deposition analyses. 
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Table 2 
Maximum Emission Rates of Each Averaging Time Period 

3-hr (g/s) 24-hr (g/s) Annual (g/s) 

Source SO2 NOx SO2 PM10 NOx SO2 PM10 

ASUCOOL1 - - - 0.0285 - - 0.0271 

ASUCOOL2 - - - 0.0285 - - 0.0271 

ASUCOOL3 - - - 0.0285 - - 0.0271 

ASUCOOL4 - - - 0.0285 - - 0.0271 

PWCOOL1 - - - 0.0382 - - 0.0363 

PWCOOL2 - - - 0.0382 - - 0.0363 

PWCOOL3 - - - 0.0382 - - 0.0363 

PWCOOL4 - - - 0.0382 - - 0.0363 

PWCOOL5 - - - 0.0382 - - 0.0363 

PWCOOL6 - - - 0.0382 - - 0.0363 

PWCOOL7 - - - 0.0382 - - 0.0363 

PWCOOL8 - - - 0.0382 - - 0.0363 

PWCOOL9 - - - 0.0382 - - 0.0363 

PWCOOL10 - - - 0.0382 - - 0.0363 

PWCOOL11 - - - 0.0382 - - 0.0363 

PWCOOL12 - - - 0.0382 - - 0.0363 

PWCOOL13 - - - 0.0382 - - 0.0363 

GASCOOL1 - - - 0.0300 - - 0.0285 

GASCOOL2 - - - 0.0300 - - 0.0285 

GASCOOL3 - - - 0.0300 - - 0.0285 

GASCOOL4 - - - 0.0300 - - 0.0285 

EMERGEN1 a  0.0024 0.0324 0.0003 0.0017 0.0022 0.00002 0.0001 

EMERGEN2 a  - - - - - - - 

HRSGSTK 0.9302 6.5718 0.9302 3.0239 4.8092 0.8394 2.8695 

FIREPUMP  0.0005 0.0193 0.0001 0.0002 0.0026 0.000008 0.000026 

AUX_BOIL b - - - - 0.0492 0.0091 0.0224 

TAIL_TO 0.2546 0.6048 0.2546 0.0202 0.3128 0.2521 0.0104 

CO2_VENT - - - - - - - 

SRUFLARE 2.1933 0.0720 0.2742 0.0018 0.0049 0.0016 0.0001 

GF_FLARE 0.0001 7.9380 0.0001 0.0002 0.1239 0.0001 0.0002 

GASVENTA c - - - - - - - 



Appendix E 

CALMET/CALPUFF Air Quality Modeling Impact Analysis 

For Far-Field Class I Areas 

\\S021EMC2\_xdrives\x_env\HECA 2\HECA PSD\Appendix E\App E_WP.doc E3-5 

 
Table 2 

Maximum Emission Rates of Each Averaging Time Period (Continued) 

3-hr (g/s) 24-hr (g/s) Annual (g/s) 

Source SO2 NOx SO2 PM10 NOx SO2 PM10 

GASVENTB c 0.0046 0.2495 0.0046 0.0181 0.0513 0.0010 0.0037 

GASVENTC c - - - - - - - 

AUX_CTG  0.2343 1.1149 0.2343 0.7560 0.5011 0.1100 0.3547 

DC1 - - - 0.0301 - - 0.0058 

DC2 - - - 0.0761 - - 0.0147 

DC3 - - - 0.0411 - - 0.0363 

DC4 - - - 0.0263 - - 0.0232 

DC5 - - - 0.0252 - - 0.0223 

DC6 - - - 0.0027 - - 0.0004 

RC_FLARE 0.0001 0.0045 0.0001 0.0001 0.0045 0.0001 0.0001 

Notes: 
a. The analysis also assumed that all emissions from two emergency generators are released to the emergency generator 1, which 

has worst-dispersion characteristics. 
b. Auxiliary boiler is not fired at the same time that the HRSG is operating. 
c. There are three gasifiers. Only one gasifier warming will be operated at any one time. The emission is from GASVENTB, 
which results in the worst impact among three gasifiers. SO2 = sulfur dioxide 
g/s = grams per second 
NOx = oxides of nitrogen 
PM10 = particulate matter 10 microns in diameter 
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Table 3 
Source Location and Parameters 

Source ID Source Description 

UTM 
Easting 

(m) 

UTM 
Northing 

(m) 
LCC X  
(km) 

LCC Y  
(km) 

Base 
Elevation 

(m) 

Stack 
Height 

(m) 

Stack 
Temperature 

(K) 

Stack 
Velocity 

(m/s) 

Stack 
Diameter 

(m) 

ASUCOOL1 ASU Cooling Tower 282891.3 3912002.1 23.21883 30.06171 87.93 16.76 299.9 7.98 9.14 

ASUCOOL2 ASU Cooling Tower 282906.2 3912002.4 23.23371 30.06243 87.93 16.76 299.9 7.98 9.14 

ASUCOOL3 ASU Cooling Tower 282922.2 3912002.1 23.24975 30.06254 87.93 16.76 299.9 7.98 9.14 

ASUCOOL4 ASU Cooling Tower 282937.3 3912001.4 23.26486 30.06224 87.93 16.76 299.9 7.98 9.14 

PWCOOL1 Power Block Cooling Tower 283031.9 3912001.1 23.35941 30.06445 87.93 16.76 299.9 7.98 9.14 

PWCOOL2 Power Block Cooling Tower 283046.3 3912000.9 23.37385 30.06469 87.93 16.76 299.9 7.98 9.14 

PWCOOL3 Power Block Cooling Tower 283061.6 3912001.0 23.38915 30.06519 87.93 16.76 299.9 7.98 9.14 

PWCOOL4 Power Block Cooling Tower 283076.9 3912000.0 23.40443 30.06463 87.93 16.76 299.9 7.98 9.14 

PWCOOL5 Power Block Cooling Tower 283092.1 3912000.0 23.4196 30.06494 87.93 16.76 299.9 7.98 9.14 

PWCOOL6 Power Block Cooling Tower 283107.9 3912000.0 23.4354 30.06545 87.93 16.76 299.9 7.98 9.14 

PWCOOL7 Power Block Cooling Tower 283122.7 3911999.4 23.45019 30.06518 87.93 16.76 299.9 7.98 9.14 

PWCOOL8 Power Block Cooling Tower 283137.8 3911999.3 23.46529 30.06555 87.93 16.76 299.9 7.98 9.14 

PWCOOL9 Power Block Cooling Tower 283153.5 3911999.5 23.481 30.06609 87.93 16.76 299.9 7.98 9.14 

PWCOOL10 Power Block Cooling Tower 283168.8 3911999.2 23.49627 30.06622 87.93 16.76 299.9 7.98 9.14 

PWCOOL11 Power Block Cooling Tower 283183.7 3911999.6 23.51118 30.06702 87.93 16.76 299.9 7.98 9.14 

PWCOOL12 Power Block Cooling Tower 283199.5 3911999.0 23.52698 30.0669 87.93 16.76 299.9 7.98 9.14 

PWCOOL13 Power Block Cooling Tower 283275.2 3911998.1 23.60261 30.068 87.93 16.76 299.9 7.98 9.14 

GASCOOL1 Gasification Cooling Tower 283214.6 3911999.4 23.54206 30.06768 87.93 16.76 299.9 7.98 9.14 

GASCOOL2 Gasification Cooling Tower 283228.6 3911998.4 23.5561 30.06699 87.93 16.76 299.9 7.98 9.14 

GASCOOL3 Gasification Cooling Tower 283244.7 3911998.9 23.57215 30.06791 87.93 16.76 299.9 7.98 9.14 

GASCOOL4 Gasification Cooling Tower 283259.1 3911998.1 23.5866 30.06755 87.93 16.76 299.9 7.98 9.14 

EMERGEN1 Emergency Generator1 282948.3 3912172.0 23.2713 30.23302 87.93 6.10 677.6 67.38 0.37 

EMERGEN2 Emergency Generator2 282948.3 3912172.0 23.2713 30.23302 87.93 6.10 677.6 67.38 0.37 

HRSGSTK HRSG Stack 282940 3912211.5 23.262 30.27232 87.93 65.00 344.3 11.55 6.10 

FIREPUMP Fire Water Pump Diesel Engine 282770.9 3912535.5 23.08432 30.59164 87.93 6.10 727.6 47.52 0.21  
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Table 3 
Source Location and Parameters (Continued) 

Source ID Source Description 

UTM 
Easting 

(m) 

UTM 
Northing 

(m) 
LCC X  
(km) 

LCC Y  
(km) 

Base 
Elevation 

(m) 

Stack 
Height 

(m) 

Stack 
Temperature 

(K) 

Stack 
Velocity 

(m/s) 

Stack 
Diameter 

(m) 

AUX_BOIL Auxiliary Boiler 282955.1 3912273.0 23.27539 30.33414 87.93 24.38 422.0 9.20 1.37 

TAIL_TO Tail Gas Thermal Oxidizer 283049.1 3912112.7 23.37362 30.1765 87.93 50.29 922.0 7.45 0.76 

CO2_VENT CO2 Vent 283045.7 3912389.7 23.36286 30.45327 87.93 79.25 291.5 55.92 1.07 

SRUFLARE SRU Flare 283042.4 3912097.7 23.36739 30.16128 87.93 76.20 1273.0 20.00 1.09 

GF_FLARE Gasification Flare 283064.5 3912472.6 23.37946 30.53658 87.93 76.20 1273.0 20.00 5.47 

GASVENTA Gasifier Warming Vent A 283212.7 3912342.0 23.531 30.41005 87.93 64.01 338.7 26.39 0.30 

GASVENTB Gasifier Warming Vent B 283211.7 3912316.6 23.53075 30.38457 87.93 64.01 338.7 26.39 0.30 

GASVENTC Gasifier Warming Vent C 283211.2 3912291.0 23.53085 30.35898 87.93 64.01 338.7 26.39 0.30 

AUX_CTG AuxiliaryCombustionGasTurbine 282833.9 3912281.9 23.15408 30.33984 87.93 33.53 677.6 15.31 4.88 

DC1 FeedStock-DustCollection 283365.3 3913058.7 23.6644 31.13031 87.93 13.87 291.9 15.06 0.51 

DC2 FeedStock-DustCollection 283356.0 3912740.9 23.66358 30.81248 87.93 51.97 291.9 14.90 0.81 

DC3 FeedStock-DustCollection 283150.4 3912310.2 23.46956 30.37655 87.93 53.79 291.9 14.66 0.56 

DC4 FeedStock-DustCollection 283298.0 3912740.9 23.60564 30.81094 87.93 51.97 291.9 15.70 0.43 

DC5 FeedStock-DustCollection 283150.4 3912749.0 23.45789 30.81511 87.93 24.23 291.9 15.06 0.43 

DC6 FeedStock-DustCollection 283149.9 3912324.5 23.46876 30.39085 87.93 53.79 291.9 14.19 0.23 

RC_FLARE Rectisol Flare 283064.7 3912479.1 23.3795 30.54304 87.93 76.20 1,273 20.00 0.10 

Notes: 
Assumed that the temperature of cooling tower is 8 Kelvin degrees higher than the annual averaged temperature value from the AERMET meteorological data at Bakersfield monitoring 
station. 
Assumed that the temperature of dust collection is the annual averaged value from the AERMET meteorological data at Bakersfield Monitoring Station B. 
K = Kelvin 
km = kilometer 
LCC = Lambert Conformal Conic 
m = meter 
m/s = meters per second 
CO2 = carbon dioxide 
UTM = Universal Transverse Mercator 
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Table 4 
3-Hour Averaged Emission Inventory for CALPUFF (3-hour SO2 Increment Analysis) 

SOA 
Sources 

(g/s) SO2 SO4 NOx HNO3 NO3 INCPM PM 10 PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 EC 

EMERGEN1 2.35E-03 - 3.89E-01 - - 1.69E-03 1.69E-03 - - - - - - - 

HRSGSTK 6.20E-01 4.65E-01 2.10E+01 - - 3.02E+00 - 2.70E-01 4.51E-01 4.15E-01 2.70E-01 1.98E-01 1.98E-01 7.56E-01 

FIREPUMP 4.70E-04 - 2.32E-01 - - 1.93E-04 1.93E-04 - - - - - - - 

TAIL_TO 2.55E-01 - 6.05E-01 - - 2.02E-02 2.02E-02 - - - - - - - 

SRUFLARE 2.19E+00 - 5.44E-01 - - 1.80E-03 1.80E-03 - - - - - - - 

GF_FLARE 1.29E-04 - 7.94E+00 - - 1.89E-04 1.89E-04 - - - - - - - 

GASVENTB 4.63E-03 - 2.49E-01 - - 1.81E-02 1.81E-02 - - - - - - - 

AUX_CTG 1.56E-01 1.17E-01 2.60E+00 - - 7.56E-01 - 6.75E-02 1.12E-01 1.03E-01 6.75E-02 4.95E-02 4.95E-02 1.89E-01 

RC_FLARE 7.72E-05 - 4.54E-03 - - 1.13E-04 1.13E-04 - - - - - - - 

Notes: 
(g/s) = grams per second 
EC = Elemental Carbon 
HNO3 = nitric acid 
INCPM = total particulate matter emission 
NOx = oxides of nitrogen 
NO3 = nitrate 
PM0005 = particulate matter 0.05 microns or less in diameter 
PM0010 = particulate matter 0.1 microns or less in diameter 
PM0015 = particulate matter 0.15 microns or less in diameter 
PM0020 = particulate matter 0.2 microns or less in diameter 
PM0025 = particulate matter 0.25 microns or less in diameter 
PM0100 = particulate matter 1 microns or less in diameter 
PM10 = particulate matter 10 microns or less in diameter 
SO2 = sulfur dioxide 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol 
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Table 5 
24-Hour Averaged Emission Inventory for CALPUFF (24-hour NOx, SO2, and PM10 Increment and Visibility Analyses) 

SOA Sources 
(g/s) SO2 SO4 NOx HNO3 NO3 INCPM PM 10 PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 EC 

ASUCOOL1 - - - - - 2.85E-02 2.85E-02 - - - - - - - 
ASUCOOL2 - - - - - 2.85E-02 2.85E-02 - - - - - - - 
ASUCOOL3 - - - - - 2.85E-02 2.85E-02 - - - - - - - 
ASUCOOL4 - - - - - 2.85E-02 2.85E-02 - - - - - - - 
PWCOOL1 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL2 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL3 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL4 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL5 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL6 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL7 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL8 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL9 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL10 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL11 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL12 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
PWCOOL13 - - - - - 3.82E-02 3.82E-02 - - - - - - - 
GASCOOL1 - - - - - 3.00E-02 3.00E-02 - - - - - - - 
GASCOOL2 - - - - - 3.00E-02 3.00E-02 - - - - - - - 
GASCOOL3 - - - - - 3.00E-02 3.00E-02 - - - - - - - 
GASCOOL4 - - - - - 3.00E-02 3.00E-02 - - - - - - - 
EMERGEN1 2.94E-04 - 3.24E-02 - - 1.69E-03 1.69E-03 - - - - - - - 
HRSGSTK 6.20E-01 4.65E-01 6.57E+00 - - 3.02E+00 - 2.70E-01 4.51E-01 4.15E-01 2.70E-01 1.98E-01 1.98E-01 7.56E-01 
FIREPUMP 5.88E-05 - 1.93E-02   1.93E-04 1.93E-04        
TAIL_TO 2.55E-01 - 6.05E-01 - - 2.02E-02 2.02E-02 - - - - - - - 

SRUFLARE 2.74E-01 - 7.20E-02 - - 1.80E-03 1.80E-03 - - - - - - - 
GF_FLARE 1.29E-04 - 7.94E+00 - - 1.89E-04 1.89E-04 - - - - - - - 
GASVENTB 4.63E-03 - 2.49E-01 - - 1.81E-02 1.81E-02 - - - - - - - 
AUX_CTG 1.56E-01 1.17E-01 1.11E+00 - - 7.56E-01 - 6.75E-02 1.12E-01 1.03E-01 6.75E-02 4.95E-02 4.95E-02 1.89E-01 

DC1 - - - - - 3.01E-02 3.01E-02 - - - - - - - 
DC2 - - - - - 7.61E-02 7.61E-02 - - - - - - - 
DC3 - - - - - 4.11E-02 4.11E-02 - - - - - - - 
DC4 - - - - - 2.63E-02 2.63E-02 - - - - - - - 
DC5 - - - - - 2.52E-02 2.52E-02 - - - - - - - 
DC6 - - - - - 2.67E-03 2.67E-03 - - - - - - - 

RC_FLARE 7.72E-05 - 4.54E-03 - - 1.13E-04 1.13E-04 - - - - - - - 
 

Notes: 
(g/s) = grams per second 
EC = Elemental Carbon 
HNO3 =  nitric acid 
INCPM = total particulate matter emission 
NOx = oxides of nitrogen 
NO3 = nitrate 
PM0005 = particulate matter 0.05 microns or less in diameter 
PM0010 = particulate matter 0.1 microns or less in diameter 

PM0015 = particulate matter 0.15 microns or less in diameter 
PM0020 = particulate matter 0.2 microns or less in diameter 
PM0025 = particulate matter 0.25 microns or less in diameter 
PM0100 = particulate matter 1 microns or less in diameter 
PM10 = particulate matter 10 microns or less in diameter 
SO2 = sulfur dioxide 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol  
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Table 6 
Annual Averaged Emission Inventory for CALPUFF (Annual NOx, SO2, and PM10 Increment and Deposition Analyses) 

SOA 
Sources 

(g/s) SO2 SO4 NOx HNO3 NO3 INCPM PM 10 PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 EC 

ASUCOOL1 - - - - - 2.71E-02 2.71E-02 - - - - - - - 

ASUCOOL2 - - - - - 2.71E-02 2.71E-02 - - - - - - - 

ASUCOOL3 - - - - - 2.71E-02 2.71E-02 - - - - - - - 

ASUCOOL4 - - - - - 2.71E-02 2.71E-02 - - - - - - - 

PWCOOL1 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL2 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL3 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL4 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL5 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL6 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL7 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL8 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL9 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL10 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL11 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL12 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

PWCOOL13 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

GASCOOL1 - - - - - 2.85E-02 2.85E-02 - - - - - - - 

GASCOOL2 - - - - - 2.85E-02 2.85E-02 - - - - - - - 

GASCOOL3 - - - - - 2.85E-02 2.85E-02 - - - - - - - 

GASCOOL4 - - - - - 2.85E-02 2.85E-02 - - - - - - - 

EMERGEN1 2.01E-05 - 2.22E-03 - - 1.15E-04 1.15E-04 - - - - - - - 

HRSGSTK 5.60E-01 4.20E-01 4.81E+00 - - 2.87E+00 - 2.60E-01 4.33E-01 3.98E-01 2.60E-01 1.91E-01 1.91E-01 7.17E-01 

FIREPUMP 8.05E-06 - 2.64E-03 - - 2.64E-05 2.64E-05 - - - - - - - 

AUX_BOIL 9.13E-03 - 4.92E-02 - - 2.24E-02 2.24E-02 - - - - - - - 

TAIL_TO 2.52E-01 - 3.13E-01 - - 1.04E-02 1.04E-02 - - - - - - - 

SRUFLARE 1.58E-03 - 4.91E-03 - - 1.23E-04 1.23E-04 - - - - - - - 

GF_FLARE 1.29E-04 - 1.24E-01 - - 1.89E-04 1.89E-04 - - - - - - - 

GASVENTB 9.51E-04 - 5.13E-02 - - 3.73E-03 3.73E-03 - - - - - - - 

AUX_CTG 7.33E-02 5.50E-02 5.01E-01 - - 3.55E-01 - 3.17E-02 5.28E-02 4.85E-02 3.17E-02 2.32E-02 2.32E-02 8.87E-02 

DC1 - - - - - 5.82E-03 5.82E-03 - - - - - - - 

DC2 - - - - - 1.47E-02 1.47E-02 - - - - - - - 
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Table 6 
Annual Averaged Emission Inventory for CALPUFF (Annual NOx, SO2, and PM10 Increment and Deposition Analyses) (Continued) 

SOA 
Sources 

(g/s) SO2 SO4 NOx HNO3 NO3 INCPM PM 10 PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 EC 

DC3 - - - - - 3.63E-02 3.63E-02 - - - - - - - 

DC4 - - - - - 2.32E-02 2.32E-02 - - - - - - - 

DC5 - - - - - 2.23E-02 2.23E-02 - - - - - - - 

DC6 - - - - - 4.00E-04 4.00E-04 - - - - - - - 

RC_FLARE 7.72E-05 - 4.54E-03 - - 1.13E-04 1.13E-04 - - - - - - - 

Notes: 
(g/s) = grams per second 
EC = Elemental Carbon 
HNO3 =  nitric acid 
INCPM = total particulate matter emission 
NOx = oxides of nitrogen 
NO3 = nitrate 
PM0005 = particulate matter 0.05 microns or less in diameter 
PM0010 = particulate matter 0.1 microns or less in diameter 

PM0015 = particulate matter 0.15 microns or less in diameter 
PM0020 = particulate matter 0.2 microns or less in diameter 
PM0025 = particulate matter 0.25 microns or less in diameter 
PM0100 = particulate matter 1 microns or less in diameter 
PM10 = particulate matter 10 microns or less in diameter 
SO2 = sulfur dioxide 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol 
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Table 7 
Size Distribution of SOA 

(NPS, 2009) 

Species Name Size Distribution (%) 

Geometric Mass 
Mean Diameter 

(microns) 

Geometric Std. 
Deviation 
(microns) 

SO4 100 0.48 0.50 

NO3 100 0.48 0.50 

PM0005 15 0.05 0.00 

PM0010 40 0.10 0.00 

PM0015 63 0.15 0.00 

PM0020 78 0.20 0.00 

PM0025 89 0.25 0.00 

PM0100 100 1.00 0.00 

Notes: 
NO3 = nitrate 
NPS = National Park Service 
PM0005 = particulate matter 0.05 microns or less in diameter 
PM0010 = particulate matter 0.1 microns or less in diameter 
PM0015 = particulate matter 0.15 microns or less in diameter 
PM0020 = particulate matter 0.2 microns or less in diameter 
PM0025 = particulate matter 0.25 microns or less in diameter 
PM0100 = particulate matter 1 microns or less in diameter 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol 

E3.3 CALPUFF PARAMETERS 

The CALPUFF options were selected to follow the EPA’s recommended settings for regulatory 
modeling or WRAP’s BART modeling. 

Size parameters for dry deposition of nitrate, sulfate, and PM10 particles were based on default 
CALPUFF model options. Chemical parameters for gaseous dry deposition and wet scavenging 
coefficients were based on default values presented in the CALPUFF User’s Guide. Calculation 
of total nitrogen deposition includes the contribution of nitrogen resulting from the ammonium 
ion of the ammonium sulfate compound. For the CALPUFF runs that incorporate deposition and 
chemical transformation rates (i.e., deposition and visibility), the full chemistry option of 
CALPUFF was turned on (MCHEM = 1). The nighttime loss for SO2, NOx, and HNO3 was set at 
0.2 percent per hour, 2 percent per hour, and 2 percent per hour, respectively. CALPUFF was 
also configured to allow predictions of SO2, sulfate (SO4), NOx, HNO3, NO3 and PM10 using the 
MESOPUFF II chemical transformation module. 

Hourly ozone concentration files (OZONE.DAT) were obtained from the WRAP’s BART 
modeling website for the same years (2001 through 2003) as the meteorological data. Monthly 
background ozone concentration for missing data from the hourly ozone concentration file was 
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set to 80 parts per billion (ppb). The monthly background ammonia concentration was set to 
10 ppb. 

As described in Section 3.2, emissions were speciated in accordance with the NPS’ PMS 
guideline (http://www2.nature.nps.gov/air/permits/ect/index.cfm). In doing so, the sulfur 
emissions were speciated to relative sulfur constituents of SO2 and SO4 to better account for gas-
to-particulate conversion and visibility effects. 

E3.4 PSD CLASS I INCREMENT SIGNIFICANCE ANALYSIS 

CALMET/CALPUFF (Refined CALPUFF) was used to model ambient air impacts of NO2, 
PM10, and SO2 from the emission sources, and the modeling results were compared to PSD 
Class I Increment modeling significance thresholds. The sources were modeled at full PTE for 
this analysis. The full chemistry option of CALPUFF was turned on (MCHEM = 1, MESOPUFF 
II scheme), and a deposition option was turned on (MWET = 1 and MDRY = 1). The 3-hour 
averaged maximum SO2 emission rates were modeled for 3-hour SO2 increment analysis. 
Emissions of total SO2 from the natural gas combustion turbines was speciated based on the 
NPS’ PMS guideline. The 24-hour averaged maximum emission rates were modeled for 24-hour 
SO2 and PM10 increment analyses. The annual averaged emission rates were modeled for annual 
averaged NOx, SO2, and PM10 increment analyses. For 24-hour and annual PM incremental 
analyses, the total PM emission (“INCPM” in the modeling) was modeled without speciation, 
and the INCPM was treated as fine particulate matter in terms of geometric characteristics. 

E3.5 CLASS I AREA VISIBILITY REDUCTION ANALYSIS 

Refined CALPUFF was used to evaluate the potential for visibility reduction. All sources were 
modeled at the full PTE for this analysis. Emissions of total SO2 and PM10 from the natural gas 
combustion turbines were speciated based on NPS’ PMS guideline as described. 

The emissions of thirteen chemical species, SO2, SO4, NOx, HNO3, NO3, PM0.05, PM0.01, PM0.15, 
PM0.20, PM0.25, PM1.0, EC, and PM10, were modeled in CALPUFF to predict the visibility impact 
based on PMS for natural gas turbine. Because only SO2 emissions estimates were provided, 
one-third of the estimated SO2 emission was assumed to be SO4 emissions, and the remaining 
two-thirds remained as SO2 emissions. For HRSG and Turbine, the total PM10 emissions were 
speciated into EC and SOA. The SOA is speciated again into PM0.05, PM0.01, PM0.15, PM0.20, 
PM0.25, and PM1.0 (indicated as PM0005, PM0010, PM0015, PM0020, PM0025, and PM0100 in 
the modeling, respectively). For the other sources such as cooling towers, the total PM10 
emissions were modeled as PM10 without speciation. 

CALPOST was used to post-process the estimated 24-hour averaged ammonium nitrate, 
ammonium sulfate, elemental carbon, SOA, and PM10 concentrations into an extinction 
coefficient value for each day at each modeled receptor, using the 3 years of CALMET 
meteorological data. To do so required the use of extinction efficiency values. 
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All the PM species (PM0.05, PM0.01, PM0.15, PM0.20, PM0.25, and PM1.0) were grouped as SOA. 
Default extinction efficiencies of PM10 (Coarse Particulate), SOA, EC, soil, ammonium sulfate, 
and ammonium nitrate were used. 

Background visibility and extinction coefficient values from the FLAG Phase I Report 
(December 2000) were used for the visibility reduction analysis. Background values for 
hygroscopic concentration, without adjustment for relative humidity (RH), (0.6 micrograms per 
cubic meter [µg/m3]) and the non-hygroscopic concentration (4.5 µg/m3) are reported for the 
western wilderness areas. Therefore, BKSO4 = hygroscopic 0.6/3 = 0.2 and BKSOIL = non-
hygroscopic = 4.5 were used. Modeled visibility reductions for each modeled year were 
compared to the level of acceptable change (LAC) of 5.0 percent and 10.0 percent. 

E3.6 TOTAL NITROGEN AND SULFUR DEPOSITION ANALYSIS 

Refined CALPUFF was used to evaluate the potential for nitrogen and sulfur deposition. All 
sources were modeled at full PTE for this analysis. The annual average emission rates were used 
for the annual averaged nitrogen and sulfur deposition analyses. The NPS’ PMS for natural gas 
combustion turbines was applied to speciate the emissions of SO2 and PM from HRSG and 
turbine as it was done for increment and visibility analyses. 

The total deposition rates for each pollutant were obtained by summing the modeled wet and/or 
dry deposition rates as follows. 

For sulfur (S) deposition, the wet and dry fluxes of sulfur dioxide and sulfate are calculated, 
normalized by the molecular weight of S, and expressed as total S. Total nitrogen (N) deposition 
is the sum of N contributed by wet and dry fluxes of HNO3, NO3, ammonium sulfate 
((NH4)2SO4), and ammonium nitrate (NH4NO3), and the dry flux of oxides of NOx. 

The total modeled nitrogen and sulfur deposition rates were compared to the NPSUSFWS 
Deposition Analysis Threshold (DAT) for western states. The DAT for nitrogen and sulfur are 
each 0.005 kilogram per hectare per year (kg/ha-yr), which is equal to 1.59E-11 g/m2/s. 
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E4.0 MODELING RESULTS 

E4.1 CALPUFF MODELING RESULTS 

Three years of CALPUFF modeling results are provided in Tables 8 through 10. The model-
predicted criteria pollutant increment concentrations were compared to the proposed Class I area 
Significant Impact Levels (SIL). Each criteria pollutant concentration is less than the 
corresponding SIL for the San Rafael Wilderness Class I area. 

Modeled visibility reductions for each modeled year were compared to the level of acceptable 
extinction change (LAC) of 5.0 percent. The visibility impact is greater than 5 percent, but less 
than 10 percent of cumulative modeling threshold. The modeled number of days that exceeds 
5 percent of extinction change is 2 days for 2001 and 2003, and 4 days for 2002. 

The visibility modeling analysis was performed based on emission rates corresponding to the 
following very conservative operating scenario: 

• It was assumed that the gasification flare operates for the full 24 hours using the wet flaring 
emission rate. This could happen in a cold gasification plant startup, and is anticipated to 
occur only one time per year and last up to about 26 hours. Otherwise, the gasification flare 
operates on pilot only. NOx emissions from wet flaring are about 1,000 times greater than 
pilot operation and make the gasification flare during wet flaring the largest source of NOx 
on the site. However, the 24 hour analysis model conservatively assumed that a full 24 hours 
of this event happens every day, a worst case scenario. 

• SRU flare emissions for the 24-hour period were estimated assuming 3 hours of startup/
shutdown flaring and the remainder of the day in pilot operation. This startup/shutdown is 
anticipated to occur only 6 hours total per year; otherwise, the SRU flare operates on pilot 
only. However, the model conservatively assumed that a full 3 hours of this flaring event 
happens every day. 

• The Emergency generator and firewater pump will be operated for 50 hours per year and 
100 hours per year, respectively. However, the model conservatively assumed that a full 
24 hours of this event happens every day. 

• HRSG NOx emissions were estimated based on 1 cold startup and one hot startup, and the 
balance of the day at full load using natural gas for a 24 hour period. The model 
conservatively assumed that a full 24 hours of this event happens every day. 

Not only was each source above modeled individually using emission rates based on the worst-
case scenario, the modeling approach conservatively assumed that cumulatively all the sources 
will be operated at those emission rates every day. Based on this very conservative modeling 
approach, it is expected that no significant visibility impact would occur due to the Proposed 
Project. 
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Deposition thresholds of total N and total S are both 0.005 kg/ha/yr, which is equal to 1.59E-
11 g/m2/s. Total N and S deposition impact do not exceed the threshold. 

None of the results of criteria pollutant increment and deposition analyses exceeded the 
threshold, and the maximum visibility impact was less than 10 percent with only 2 to 4 days of 
exceedance of 5 percent despite conservative operating scenario; therefore, the proposed Project 
sources will not have a significant impact on the ambient air quality of the San Rafael 
Wilderness Class I area. Because the criteria pollutant concentration and deposition is less than 
its corresponding significance level, the Project sources will not have a significant impact on 
either terrestrial resources such as soil and vegetation, or on aquatic resources. Therefore, no 
further analyses were conducted, including additional AQRV impacts. 
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Table 8 
PSD Class I Increment Significance Analysis – CALPUFF Results 

Pollutant 
Annual 

NOx 3-hr SO2 
24-hr 
SO2 

Annual 
SO2 

24-hr 
PM10 

Annual 
PM10 

Unit µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 Annual 

Class I Area Threshold 0.1 1 0.2 0.08 0.32 0.16 

2001 4.09E-03 2.23E-01 2.78E-02 8.06E-04 1.14E-01 4.17E-03 

2002 4.48E-03 2.43E-01 2.98E-02 9.54E-04 1.09E-01 4.76E-03 
San Rafael 
Wilderness 
Area 

2003 4.62E-03 2.84E-01 3.05E-02 9.54E-04 1.23E-01 4.68E-03 

Exceed?  No No No No No No 

Notes: 
µg/m3 = micrograms per cubic meter 
NOx = oxides of nitrogen 
PM10 = particulate matter 10 microns or less in diameter 
PSD = Prevention of Significant Deterioration 
SO2 = sulfur dioxide 

 

Table 9 
Visibility Analysis – CALPUFF Results 

Pollutant 
No. of Days > 

5% 
No. of Days 

>10% 
Max Extinction 

Change 
Day of Maximum 
Extinction Change 

Unit Days Days % Day 

Class I Area Threshold 0 0 10  

2001 2 0 9.64 308 

2002 4 0 8.09 287 
San Rafael 
Wilderness Area 

2003 2 0 6.58 247 

Exceed?    No  

 

Table 10 
Total Nitrogen and Sulfur Deposition Analysis – CALPUFF Results 

Pollutant Deposition N Deposition S 

Unit g/m2/s g/m2/s 

Class I Area Threshold 1.59E-11 1.59E-11 

2001 1.04E-12 4.23E-13 

2002 1.30E-12 5.57E-13 San Rafael Wilderness Area 

2003 1.32E-12 4.97E-13 

Exceed?  No No 
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